In the SS group, before placement of the internally cooled needle electrode, a total of 0.5 mL 36% saturated saline solution was delivered slowly through the 1-cc syringe along the electrode axis. In the Occlusion group, the renal artery was identified and transiently clamped using an atraumatic vascular clamp without occluding the renal vein, and then the RFA was performed as described above. The clamping time was within 15 minutes to prevent renal parenchyma injury. Renal arterial blood flow was immediately restored to the kidney after ceasing RFA. Dogs were euthanized with intravenous pentobarbital, and each kidney was removed en block. The kidney blocks were sectioned along the longitudinal plane (electrode insertion axis) and then cut transversely and perpendicularly to the longitudinal plane (transverse plane). RFA zone diameters were assigned as the consensus of measurements made by 2 observers. The RFA zone was considered as an elliptical cone. The time. Therefore, attempts have been made to expand the ablation zone using a single RFA session (9).
Among the various modified RFA methods, RFA combined with renal artery occlusion is considered effective for expanding the ablation zone in the kidney (10-14). Despite the effectiveness of blood flow occlusion for this purpose, there is the risk of renal infarction, which limits its use in clinical practice.
RFA combined with hypertonic saline administration is another strategy (15) (16) (17) (18) (19) (20) (21) (22) (23) , and has been used clinically to treat large hepatic tumors (17, 18) . Renal RFA combined with hypertonic saline administration has also been used for this purpose in animal studies (19) (20) (21) (22) (23) .
Comparative studies of modified RFA methods have been performed; however, to the best of our knowledge, no studies have simultaneously compared these two RFA methods in the kidney. Here, we present the results of our study, which was designed to compare saturated saline preinjection and renal artery occlusion with respect to ablation zone volumes in renal RFA.
MATERIALS AND METHODS
The study protocol was approved by the Committee on the The values of the Occlusion group was 72% greater than those of the Control group (p = 0.012). The value of the SS group was 24% greater than those of the Occlusion group, but this difference was not statistically significant (p = 0.178). The variation in ablation zone volumes for the SS and Occlusion groups was greater than that in the Control group (Fig. 2) . The results are central white coagulation zone was measured excluding the surrounding hemorrhagic rim (Fig. 1) . The longitudinal diameter was defined as the maximum diameter along the electrode insertion axis (T long), and the transverse diameter was defined as the maximum diameter perpendicular to the electrode insertion axis in the cortex (D cortex). The volume was calculated using the formula that describes the volume of an ellipti-
The measured diameters and calculated RFA zone volumes are reported as mean ± standard deviation and compared between each group using the Mann-Whitney U test. Statistically significant differences were defined as p values < 0.05.
RESULTS
The mean T long values of the ablation zones were as follows RFA with hypertonic saline administration is another strategy that has been used to expand the ablation zone and is considered effective in the liver (9, 15-18), and has been attempted in the kidney (19) (20) (21) (22) (23) .
Injected hypertonic saline improves the tissue electrical and thermal conductivity during RFA by modulating the biologic environment of treated tissue. This effect can be maximized by using saturated saline (24) . Therefore, saturated saline was used in this study. Saturated saline injection without RFA can induce patch necrosis of tissue, but the volume of necrosis is smaller than that induced by RFA only (24) . RFA with 14.6% hypertonic saline preinjection was feasible for both the normal parenchyma and VX-2 tumor implanted in the rabbit kidney (20, 21) . RFA combined with preinjection and additional continuous infusion of 14.6% hypertonic saline was also feasible for a VX-2 tumor implanted in the rabbit kidney (22) . In contrast, Collyer et al. (23) reported that RFA combined with preinjection and additional continuous infusion of 14.6% hypertonic saline applied to a porcine model induced colonic injury and resulted in irregular-shaped ablation lesions when compared to cryotherapy.
They suggested that leakage of the hypertonic saline resulted in summarized in Table 1 .
The SS group showed decreased impedance and increased current values that were significantly greater than those of the Table 2 .
DISCUSSION
Various modified RFA methods have been developed to expand the ablation zone. RFA combined with vascular inflow occlusion is one strategy for expanding the ablation zone by reducing the heat sink effect (9), which refers to heat removal by blood flowing in adjacent vessels, thereby limiting the size and altering the shape of the ablation zone (7). Therefore, RFA with vascular inflow occlusion induces a larger ablation zone than that without occlusion. RFA with renal artery occlusion was attempted in previous animal studies by using a vascular clamping, balloon occlusion, or intraarterial embolization (10-13).
Chang et al. (13) reported that renal artery occlusion effectively expanded the ablation zone. They suggested that RFA combined with selective intraarterial tumor embolization was useful for treating large renal tumors. Furthermore, Yamakado et al. (14) used RFA combined with arterial embolization for large renal cell carcinomas (> 3.5 cm) in eleven patients. Our results also showed that renal artery occlusion by vascular clamping Additional hypertonic saline continuous infusion during RFA increases the amount of spilled saline into tissues. A relatively large amount of spilled saline causes an irregular-shaped ablation zone, and can lead to adjacent organ injury. Therefore, in the present study, only a bolus hypertonic saline preinjection was used to control and decrease the amount of infused saline.
We also used saturated saline to decrease the amount of spilled saline, which effectively expanded the ablation zone. Although this amount was small, more variation in the diameters and volumes of ablation zones were caused by RFA with, than without, saturated saline preinjection. Further studies are therefore needed to optimize saline solution administration.
Our study showed that both saturated saline preinjection and renal artery clamping effectively expanded the ablation zone in canine kidneys. Saturated saline preinjection resulted in larger ablation zones than those induced by renal artery clamping, although the differences were not statistically significant. Because our interpretations were limited by the small sample size, more studies are required.
Our study had other limitations. First, we used an internally cooled needle electrode with a 1 cm active tip, instead of a 2 cm or 3 cm active tip, because of the smaller size of the canine kidney. We used a lower level of RF energy for a shorter time than that employed in standard clinical practice. Second, an animal tumor model was not used due to the lack of a widely available inexpensive and reproducible large animal tumor model. Furthermore, there may be differences in ablation zone sizes and shapes between tumor and normal renal tissues. Third, the RFA zone diameter of the gross specimen was measured, and the volume of the ablation zone was calculated based on diameter measurements. A more comprehensive evaluation of ablation zone shape using an imaging modality such as computed tomography will be required to more accurately determine the volume and shape of the RFA zone.
In conclusion, both RFA with saturated saline preinjection and renal artery clamping effectively expanded the ablation zone, and RFA with saturated saline preinjection resulted in a slightly larger ablation zone when compared to RFA with renal artery
